Mar Biol (2007) 150:321-328
DOI 10.1007/500227-006-0357-6

RESEARCH ARTICLE

Conservation genetics of Lumnitzera littorea (Combretaceae),
an endangered mangrove, from the Indo-West Pacific
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Abstract Mangrove forests, with their ecological sig-
nificance and economic benefits, are vital inter-tidal
wetland ecosystems. Lumnitzera littorea (Combreata-
ceae) is a non-viviparous mangrove distributed in
tropical Asia and North Australia. Due to natural and
human impacts, populations of this species have been
isolated, fragmented, and highly disturbed. In China,
L. littorea is an endangered species, restricted to small
regions of Hainan Island. The genetic composition of
five populations of this species from the Indo-West
Pacific (South China, Malay Peninsula, Sri Lanka,
North Australia) was assessed using inter simple se-
quence repeat (ISSR) makers. At the species level,
expected mean heterozygosity (He) was 0.240 with
75.6% of loci polymorphic (P). However, genetic var-
iation was much lower at the population level
(P =371%, He = 0.118). A high coefficient of gene
differentiation (Gst = 0.515) and low level of gene flow
(Nm = 0.470) indicated significant genetic differentia-
tion among populations. AMOVA also indicated that
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more than half the total variation (58.4%) was parti-
tioned among populations. The high degree of differ-
entiation observed among populations emphasizes the
need for appropriate conservation measures that
incorporate additional populations into protected
areas, and achieve the restoration of separate, de-
graded populations.

Introduction

Mangroves are salt-tolerant forest ecosystems found
mainly in tropical and subtropical inter-tidal regions
throughout the world. Mangrove forests are among the
most productive and diverse wetlands on earth. They
are vital inter-tidal wetland ecosystems and directly
impact the welfare of coastal people in the tropics and
subtropics (Ge and Sun 1999). However, these unique
coastal forests also are among the most threatened
habitats worldwide. These ecosystems are highly frag-
ile and have been subjected to a long duration of hu-
man perturbation as well as incessant physiological and
morphological stresses due to salinity aeration and the
onslaught of wave action (Mongia et al. 1991).
Lumnitzera littorea (Jack.) Voigt (Combreataceae)
is a non-viviparous mangrove species distributed in
tropical Asia and Australia. Lumnitzera littorea is
characteristic of landward, high salinity areas, often in
association with other mangrove species such as Avi-
cennia marina (Forsk.) Vierh., Clerodendron inerme
(L.) Gaertn., Excoecaria agallocha L., Scyphiphora
hyolrophyllacea Gaertn. F. and Lumnitzera racemosa
Wild (Tomlinson 1986). The species occurs within the
calm coastal waters, typically on silt with 0.5-2.7%
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edaphic salinity and 21-25°C average temperature.
As non-viviparous, L. littorea does not produce large
diaspores and its fruits can disperse far with suitable
ocean currents (Tomlinson 1986). Due to natural im-
pacts and human destruction, populations have been
isolated, fragmented, and highly disturbed. In China,
L. littorea is an endangered species, distributed in very
restricted regions of Hainan province.

More than 8,000 tree species currently are threatened
with extinction worldwide (Oldfield et al. 1998). How-
ever, relatively few genetic investigations have been
undertaken on these species and for the vast majority of
them, information on patterns of intraspecific genetic
variation is entirely lacking (Allnutt et al. 2003). In
recent years, genetic data have being used to success-
fully define units for conservation management and for
inferring changes in population structure and dynamics
in plants (Moritz 1995). It is widely appreciated that
genetic analyses can provide valuable insights into
processes influencing extinction (Clarke and Young
2000). A thorough understanding of genetic diversity is
an important aspect of conservation strategies for
threatened taxa because of their unusual genetic and life
history features (Holsinger and Gottlieb 1991). There-
fore, a genetic study of L. littorea should provide valu-
able data to evaluate the outcome of historical events
such as range expansion or population fragmentation
and bottlenecks, which may have significant implica-
tions for the development of conservation strategies
(Allnutt et al. 2003; Newton et al. 1999).

The use of molecular markers has become routine
for studying population genetic diversity in plants
(Zietkiewicz et al. 1994; Wolfe and Liston 1998; Ge
and Sun 1999; Nan et al. 2003). Inter-simple sequence
repeat (ISSR) markers are particularly effective in the
study of genetic variation, because they overcome
some of the limitations of other common markers such
as allozymes, random amplified polymorphic DNA
(RAPD), and restriction fragment length polymor-
phism (RFLP). Long primers are used in the ISSR
technique that allow for higher annealing tempera-
tures, a factor resulting in greater reproducibility of the
bands (Wolfe and Liston 1998). Because high levels of
polymorphism typically are detected, ISSRs have been
employed successfully in genetic studies not only of
economically important cultivated and wild plants, but
also some mangrove species (Ge and Sun 1999, 2001;
Jian et al. 2004; Tan et al. 2005).

In the present study, ISSR markers were applied to
elucidate genetic diversity and genetic structure within
and among five natural populations of L. littorea from
South China, Malay Peninsula, Sri Lanka, and North
Australia. The major objectives were: (a) to estimate
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the level of genetic variation in L. littorea and assess
the efficiency of ISSR markers for studying this species;
(b) to detect whether genetic differentiation has oc-
curred among populations and identify factors that
influence population genetic structure in this species;
(c) to elucidate factors contributing to the imperilment
of the species and provide information that may be
useful for developing future conservation and breeding
programs for this endangered species.

Materials and methods
Plant sampling

Leaf samples of L. littorea were collected with a total
of 82 individuals from five natural populations in the
Indo West Pacific range (Table 1; Fig. 1). Because of
the fragmentation and rarity of L. littorea, these were
the only populations we could locate, and all the
individual trees that we could reach were sampled in
each population, except for the biggest population in
Lu-un, west of Thailand (see Table 1 and Fig. 1) where
relatively dense stands of individual species were
found. Leaf materials were stored with silica gel in zip-
lock plastic bags until DNA isolation.

DNA isolation and PCR amplification

Genomic DNA was isolated using the modified CTAB
method (Doyle and Doyle 1987). After quantification
with a Hoeffer fluorometer, a working sample solution,
with concentration of 20 ng/pl of genomic DNA, was
prepared.

One hundred ISSR primers from the Biotechnology
Laboratory, University of British Columbia (UBC set
no. 9) were initially screened and twelve of the primers
that produced clear and reproducible fragments were
used: 808 (AG)sC, 823 (TC)sC, 836 (AG)sYA, 840
(GA)YT, 841 (GA)YC, 842 (GA)sYG, 844
(CT)sRC, 845 (CT)sRG, 868 (GAA)g, 873 (GACA),,
874 (CCCT)4, 876 (GATA),(GACA),.

Polymerase chain reaction (PCR) amplifications
were performed in each 10 pl reaction, consisting of
10 mM Tris-HCI, 50 mM KCI, 1.5 mM MgCl,, 0.1 mM
dNTPs, 0.1% Triton X-100, 2% formamide, 200 nM
primer, 1.5 unit of Taq polymerase, and 20 ng of
genomic DNA. Amplifications were performed using a
PTC-100 thermocycler and the following profile: initial
denaturation at 94°C for 5 min followed by 40 cycles of
1 min at 94°C, 1 min 5 s annealing at 52°C, and 2 min
extension at 72°C; lastly a final extension of 7 min at
72°C. Amplification products were electrophoresed on
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Table 1 Location, samples size and genetic variation of Lumnitzera littorea populations studied

Region Site coordinate Country and location Sample size P (%) He Ne I

SC 19°56'N, 110°34'E Dongzhaigang, Hainan, China 16 45.07 0.158 1.272 0.237
EM 9°13'N, 99°51'E Khanom, Thailand 22 33.94 0.107 1.181 0.162
WM 10°10'N, 98°45'E Lu-un, Thailand 24 40.27 0.107 1.165 0.170
NA 16°16’S, 145°18'E Daintree River, Australia 18 28.96 0.098 1.166 0.148
Mean 20 37.06 0.118 1.196 0.179
At the species level 80 75.57 0.240 1.402 0.365
SL 6°16'N, 80°02’E Balapitiya, Sri Lanka 2 8.60 0.036 1.061 0.052

P The percentage of polymorphic loci, He mean expected heterozygosity, N effective number of alleles, / Shannon’s Information index,
SC South China, EM East Malaya, WM West Malaya, NA North Australia, SL Sri Lanka

Fig. 1 Map showing location
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1.5% agarose gels buffered with 0.5x TBE, and de-
tected by staining with ethidium bromide. A Gene
Ruler 100 bp DNA ladder plus (Shengong Inc.,
Shanghai, China) was used to estimate the sizes of
ISSR fragments. Furthermore, we had repeated
amplifications to verify the integrity of the reproduc-
ible bands scored.

Data analysis

ISSR bands were scored as present (1) or absent (0) for
each DNA sample excluding the smeared and weak
ones. The binary data matrix was input into POP-
GENE (Yeh et al. 1997), assuming Hardy-Weinberg
equilibrium. The following indices were used to
quantify the amount of genetic variation within each
population examined: the percentage of polymorphic
loci (P), the mean expected heterozygosity (He)

(Nei 1973), effective number of alleles (Ne), and
Shannon’s information index of diversity (I). Genetic
variation parameters (P, He, Ne and I) also were cal-
culated at the species level.

Genetic differentiation among populations was
estimated by Nei’s gene diversity statistics (Nei 1973).
The amount of gene flow among these populations was
estimated as Nm = (1/Gst-1)/4 (Slatkin and Barton
1989). Pair wise genetic distances between populations
(Nei 1972) were calculated and used to construct a
UPGMA dendrogram.

Analysis of molecular variance (AMOVA) was
conducted to calculate variance components and their
significance levels for variation among populations,
and within populations using AMOVA version 1.55
(Excoffier 1993). The input files for AMOVA were
prepared using the program AMOVA-PREP version
1.01 (Miller 1998).
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Results
Genetic variability

Across all 82 L. littorea individuals from the five pop-
ulations surveyed, a total of 221 reproducible bands
were generated from the 12 ISSR primers evaluated.
Of the 221 loci surveyed, 178 were polymorphic in at
least one of the sampled populations. Sizes of the ISSR
fragments varied from 200 to 2,000 bp.

At the species level, the percentage of polymorphic
loci (P), mean expected heterozygosity (He), effective
number of alleles (Ne) and Shannon’s index (I) were
75.57, 0.240, 1.402, and 0.365%, respectively (Table 1)
(data coming from two individuals of SL population
was inadequate to compare with all the other popula-
tions about population genetic variability but could be
used for assessing relationships among populations,
i.e., the ones synthesized in the dendrogram). At the
population level, the value of P per population varied
from 28.96% (North Australia) to 45.07% (Hainan,
China), with an average of 37.06% (Table 1). The
mean values of He, Ne and I were 0.118, 1.196, and
0.179. The highest level of expected heterozygosity
existed in the Hainan, China population (He = 0.158);
whereas, the lowest was that from North Australia
(He = 0.098) (Table 1).

Population structure

The data showed that total gene diversity (Ht =
0.243 + 0.035) was primarily distributed between pop-
ulations (Dst = 0.125 + 0.021). The value of coefficient
of gene differentiation (Gst) was 0.515, indicating that
a relatively high level of genetic differentiation existed
among the five populations. Based on the Gst value,
the estimated number of migrants per generation (Nm)
was 0.470 (Table 2).

Table 2 Comparison of genetic diversity estimates in Lumnitzera
littorea between different groups of populations as determined
using ISSR markers

Parameters Total SCS

Percentage of 75.57 54.75
polymorphic loci (P)

Total gene diversity (Hr) 0.243 + 0.035 0.171 + 0.035

Within population (H) 0.118 + 0.014 0.132 + 0.023

Between populations (Dy;) 0.125 + 0.021 0.039 + 0.012

Coefficient of gene 0.515 0.227
differentiation (Gsr)

Gene flow (Nm) 0.470 1.708

SCS South China Sea
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South China Sea is a semi-enclosed tropic sea, iso-
lated by the Malay Peninsula and Indonesia archipel-
ago. Favorable currents enable fruits of L. littorea to
disperse over considerable distances, resulting in
effective gene flow in this region (Zhang et al. 2005).
Therefore, population SC and EM from South China
Sea were analyzed together, separated from other
populations. Values of P, Ht, Gst, and Nm were
54.75%, 0.171 + 0.035, 0.227, and 1.708, respectively
(Table 2).

Analysis of pair wise ISSR distances by AMOVA
indicated that more than half the total variation
(58.36%) was accounted for by differentiation among
populations, with the remainder (41.64%) partitioned
among individuals within populations (Table 3), sug-
gesting that significant genetic structure exists among
populations of L. littorea. When individual pairs of
populations were compared, pair-wise phiST values
derived from AMOVA also highlighted a large num-
ber of differences between populations, except be-
tween population SC and EM (Table 4). All
components of molecular variance were highly signifi-
cant (P < 0.001).

Relationships among geographical regions

The mean value of Nei’s genetic distance as calculated
by POPGENE was 0.2804 among populations. A UP-
GMA dendrogram constructed from genetic distances
indicated that populations from South China Sea (SC
and EM) clustered as an inner group, which clustered
next with population from North Australia (NA), with
the population from West Malaya (WM) as the outlier.
The dendrogram showed that individuals of each
population formed a cluster, respectively (Fig. 2).

Discussion

The present study is the first report of genetic diversity
within and among natural populations of L. littorea
using ISSR markers. The detection of high levels of
polymorphism detected in L. littorea makes ISSR

Table 3 Results from hierarchical AMOVA of Lumnitzera
littorea populations based on ISSR markers

Source of variation df Variance Percentage of P
component total variance

Among regions 4  19.76 58.36 < 0.001

Within populations 77 13.68 41.64 < 0.001
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Table 4 Pair-wise phiST values calculated by AMOVA illustrating differences between populations of Lumnitzera littorea (phiST
values are given below the diagonal, and the associated P values are given above the diagonal)

SC EM WM SL NA
SC 0.0000 0.0000 0.0000 0.0000 0.0000
EM 0.3193 0.0000 0.0000 0.0000 0.0000
WM 0.5614 0.6404 0.0000 0.0000 0.0000
SL 0.5683 0.6375 0.7124 0.0000 0.0000
NA 0.5656 0.5314 0.7178 0.7374 0.0000

SC South China, EM East Malaya, WM West Malaya, SL Sri Lanka, NA North Australia

analysis a powerful tool for assessing genetic diversity
in this species.

Genetic variation

At the species level, the present indices showed a rel-
atively high level of genetic variation (P = 75.57%,
He = 0.240, Ne = 1.402) in L. littorea. Compared with
other studied mangroves, our results were similar to
those reported for Heritiera littoralis (P = 91.69%,
He = 0.236), another non-viviparous mangrove (Jian
et al. 2004), and for Ceriops decandra (P = 72.46%,
He = 0.256), a viviparous species (Tan et al. 2005), also
studied using ISSR markers.

As Hamrick et al. (1991) suggested several factors
are important in determining levels of genetic diver-
sity. For instance, geographic range is strongly associ-
ated with the level of variation maintained at the

species level. Widely distributed plant species tend to
maintain more variation than more narrowly distrib-
uted species. Although L. littorea in China is restricted
to Hainan, the species covers a wide geographic range
throughout the Indo-Pacific region. Other factors such
as breeding systems, vegetative reproduction, etc., also
significantly influence the genetic diversity of a species
(Hamrick et al. 1991).

At the population level, genetic variation was low in
L. littorea in contrast to the high variation detected at
the species level. This result was expected as these
populations may have been subjected to repeated
bottleneck or founder events in earlier times, due to
episodes of glaciations and transgressions. Successive
glaciations during the Pleistocene caused the lowering
and rising of sea levels, which resulted in contractions
and expansion of mangroves during glacial and inter-
glacial periods, respectively (Saenger 1998). On the

Fig. 2 UPGMA dendrogram I
of Lumnitzera littorea )
populations based on ISSR NA
markers (see Fig. 1 for
population locations). SC 4 |
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other hand, Huang et al. (1994) suggested that low
genetic variation within populations is an ecological
consequence of high habitat homogenization. Because
mangrove species constantly are subjected to physio-
logical stress caused by unstable growing conditions,
their successful colonization to suitable areas might be
associated with morphological, physiological, and
reproductive adaptations (Lakshmi et al. 1997).
Therefore, there is lesser population genetic variation
caused by edaphic preferences and adaptations in
mangroves.

Genetic structure

The present distribution of genetic structure within a
species is influenced both by its natural and evolu-
tionary history (Hamrick and Godt 1996). The coeffi-
cient of gene differentiation (Gst) was 0.515, under the
assumption of Hardy-Weinberg equilibrium. More-
over, AMOVA also showed that more than half of the
total variation (58.36%) was accounted for by differ-
entiation among populations. Therefore, both genetic
and phenetic analytical approaches indicated signifi-
cant genetic structure among L. littorea populations.

This result may reflect the effects of biogeographic
history. Palynological and glaciological evidence indi-
cate that during the last glaciation, Sumatra, Borneo,
and the Malay Peninsula were connected to mainland
Asia; whereas, the Indian Ocean populations were
isolated from those in South China Sea (Brown and
Lomolino 1998). Much of the coastal and estuarine
habitat was covered by an ice-sheet, and mangrove
forests were greatly reduced in extent compared to
current distribution. Mangroves may have survived
only in some refugia. Thus, differentiation would have
been likely to occur between the relatively small iso-
lated populations as a consequence of increased
inbreeding and genetic drift.

The low value of gene flow (Nm = 0.470) estimated
among populations and the well-defined clusters that
appear in the genetic distance dendrogram (Fig. 2)
revealed that geographical isolation might be another
factor influencing genetic structure and gene flow in L.
littorea. Lumnitzera littorea is an out crossing non-
viviparous species, and successful fruit dispersal relies
on suitable ocean currents (Tomlinson 1986). Although
mature diasporas of non-viviparous mangroves gener-
ally cannot anchor in the sediment immediately after
falling from parent trees and are subject to tidal
flushing (Ye et al. 2004), fruits of L. littorea cannot
disperse far without suitable ocean currents. The
Andaman Sea is connected with South China Sea only
through the Strait of Malacca, and the Indonesia
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archipelago is a porous barrier to gene flow. Therefore,
genetic exchange and gene flow among South China
Sea, Andaman Sea, and North Australia may be very
restricted by the isolation of Malay Peninsula and
Indonesia archipelago. Strong and significant differ-
entiation was also found in many mangroves and
marine species between the West Pacific and Indian
Ocean (Ge and Sun 2001; Yamazaki 1998; Benzie
1999).

However, gene exchange can occur with suitable
ocean currents. For example, in the region of South
China Sea, ocean currents are determined by the
Northeast (November-March) and the Southwest
(May-September) Monsoons, which change direction
twice per year. The high value of gene flow (1.708) and
low Gst (0.227) between population SC and EM in this
region suggested that gene flow might have occurred
between these two populations. A similar conclusion
was reached for Excoecaria agallocha, another non-
viviparous mangrove (Zhang et al. 2005).

Decline and conservation of L. littorea

During recent years, great loss of L. littorea has been
caused not only by natural impacts, but also by human
destruction. For example, L. littorea was recorded
45 years ago for the first time by Abeywickrema (1960)
and has now become a very rare species in Sri Lanka
(Jayatissa et al. 2002). The unique geographical envi-
ronment makes mangrove ecosystems highly fragile.
The habitats have been subjected to long duration of
intrusion as well as incessant physiological and mor-
phological stresses due to salinity aeration and on-
slaught of wave action (Mongia et al. 1991). In
addition, natural calamities, such as cyclone, storm and
flood, often cause extensive damage to mangrove areas
(Koteswaran 1984). Besides natural impacts, man-
groves are prone to man-made threats, such as gazing
by cattle/goat/camel, overexploitation of juvenile
fishes, felling for timber and firewood, human inhabi-
tation and pollution etc., (Chaudhuri and Choudhurg
1994; Banerjee et al. 1998). Therefore, L. littorea tends
to occur in small, isolated population, and becomes
more and more endangered in many regions. For in-
stance, L. littorea can only survive in the very limited
areas in the nature reserve in Hainan Island, South
China.

It is widely appreciated that fragmentation and iso-
lation of populations can result in reduced reproduc-
tion or survival and thereby reduce population viability
(Allnutt et al. 2003; Shrewin and Moritz 2000). Accu-
rate estimates of genetic structure are very useful for
conserving and managing tree genetic resources
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(Hamrick et al. 1991). Genetic information obtained
from this study should help provide a clear framework
for the development of conservation program for L.
littorea. The extensive population genetic divergence
among populations detected in L. littorea indicated
that each population should be conserved separately.
Populations that are characterized by a particularly
high differentiation could be considered as conserva-
tion priorities. For example, the population SL with
genetically highest distinction of those considered here
is particularly vulnerable, because of its very small size
and extreme isolation.

The choice of populations as sources of seeds for the
restoration of threatened populations should depend,
in part, on genetic similarity of donor populations to
those in need of restoration (Hamrick and Godt 1996).
As populations of L. littorea maintain a high degree of
genetic differentiation except between population SC
and EM, it is not recommended to try any transplan-
tation because this could lead to out breeding depres-
sion and reduced fitness (Ellstrand and Elam 1993). On
the contrary, due to genetic similarity and higher gene
flow between population SC and EM (Gst = 0.227,
Nm = 1.708) (Table 2), transfer of germplasms be-
tween these two places could be tried to increase their
probability of survival. On the other hand, if the pur-
pose is to replace the lost populations at certain loca-
tions, then sampling strategies should be focused on
transplanting a large number of seeds from long-
established, large populations to obtain the maximum
representation of genetic adaptability.

Lumnitzera littorea tends to occur in small, isolated
populations in many part of its range. Small popula-
tions are at risk of losing genetic flexibility by drift and
short-term lowering of fitness resulting from inbreed-
ing depression (Allnutt et al. 2003; Shrewin and Moritz
2000). Furthermore, the Allee effect states that if
numbers in a given population are too low, the popu-
lation will continuously decline in numbers and fitness,
and is increasingly likely to go to extinction (Aaron
and John 2003; Stephens and Sutherland 1999). This
suggests that small L. littorea populations will go to
extinction once the number of individuals drops below
a critical threshold. Therefore, it is most important to
monitor those small, isolated populations, maintaining
their population sizes and fitness.
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